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Initial experiments pertaining to the physiology of the coronary circulation of dogs in which the coronary sinus had been arterialized for four to eight weeks demonstrated a protection to the heart against ventricular fibrillation, following sudden occlusion of the circumflex branch of the left coronary artery. In this group of animals, the myocardium was perfused in retrograde fashion with extraction of oxygen from the blood flowing backward, and the intercoronary collateral flow was increased (1) (2) (3) .
Subsequently, two series of animals were studied six and twelve months respectively after arterialization of the coronary sinus, to determine whether the retroperfusion of the myocardium, and the protection to the heart against ventricular fibrillation persisted.
METHODS
Two groups of animals, whose weights varied between 15 and 18 kg., were first prepared using the two stage operation developed by Beck (4) . At a first stage, through a left-sided approach, an external jugular vein graft was placed between the aorta and the coronary sinus. Approximately one month later, using a rightsided approach, the coronary sinus was partially ligated over a probe to 2 to 3 mm. The first group, Group A, led a normal kennel existence for six months prior to obtaining physiologic data. In the second group, Group B, physiologic data were obtained after twelve months.
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At this time, after the animals were anesthetized with intravenous sodium pentobarbital, artificial respiration was maintained with intermittent positive pressure, supplied through a pneophore respirator attached to an endotracheal tube with inflated rubber cuff. The left chest was entered through the fourth intercostal space, the vein graft was inspected, and only those animals in which it was patent were selected for this study. An umbilical tape was placed around the graft to facilitate its occlusion at the appropriate moment during the experiment. A ineedle-tipped polythene catheter attached to a water manometer was inserted into the coronary sinus, through which its pressure and a blood sample for the determination of oxygen content were obtained. The graft was occluded for two minutes, after which the data were reobtained. The circumflex branch of the left coronary artery was next dissected to its origin, and ligated. An incision was made in the wall of the artery distal to the ligature, through which it was cannulated. A sample of the circumflex coronary arterial blood flowing in retrograde fashion was collected, simultaneous samples being obtained from the aorta and the pulmonary artery, for the determination of oxygen content and saturation data. Back-flow bleeding was recorded quantitatively. The vein graft was then occluded and the same physiological measurements were made again. The peripheral segment of the circumflex coronary artery was allowed to bleed freely for two minutes during which time the retrograde flow volumes were recorded. Blood samples were then collected for determination of oxygen content. The data were collected in this order because in previous experiments, after the vein graft was occluded, the oxygen content of the back-blood emerging from the circumflex coronary artery gradually increased for two minutes before stabilizing.
RESULTS
A. Retrograde Table II) , demonstrated the highest rates of retrograde circumflex arterial flow. These flow rates were unchanged following the occlusion of the vein graft, which is probably indicative of the existence of an effective coronary arterial collateral circulation.
F. Pathologic findings
Since the findings that were encountered in the six and twelve-month animals were identical, both groups will be discussed together.
Vein graft: In all animals there was good union between the vein graft and the coronary sinus.
The wall of the graft was thickened. There was intimal thickening, due to an increase of collagen and elastic fibers. The media and adventitia were similarly thickened, so that the two coats were indistinguishable. The intima was lined by a single layer of endothelial cells.
Coronary sinus: The changes in the wall of the coronary sinus were more pronounced. The (Figure 1) . The media and adventitia were not distinguishable because of the presence of increased bundles of interlacing collagen and elastic fibers.
Epicardial veins: The most pronounced and advanced changes were noted in the epicardial veins.
The walls of these vessels demonstrated a severe degree of intimal fibroelastosis which was extensive enough to narrow the lumen critically so that no more than a slit remained in most cases (Figure 2) . In many instances the lumen was replaced by a hyalinizing collagenous mass within which a few capillaries could be found. These were interpreted as being representative of recanalizing organized thrombi. The media and adventitia were not distinguishable because of the extensive fibroelastosis. Coronary arteries: The coronary arteries examined, revealed no changes in their walls.
Myocardium: Focal areas of scarring, seen only imicroscopically, were found in some cases of both six and twelve-month dogs.
DISCUSSION
Since the results of this experiment are at variance with those in which the coronary sinus was arterialized for short periods of time, it might be valuable to review the preliminary results.
In a group of normal control animals, there was a small quantity of intercoronary collateral flow (1.7 cc. per minute). This blood was invariably arterial in nature, which demonstrated that it had originated from the neighboring coronary arteries. This backflow therefore, represented a quantitative measure of intercoronary arterial collateral flow (1) . The mortality rate following circumflex arterial ligation in this group of animals was 90 per cent.
In a second group of animals in which nondescript cardiac procedures had been previously per- formed, the retrograde blood flow, and oxygen content of this blood, was unchanged from that of the normal control. However, in this group of animals, in which no definitive surgical procedure had been performed to increase the intercoronary collateral circulation, the mortality rate following circumflex coronary artery ligation fell to 66 per cent. It is this mortality rate that we must subsequently utilize as our baseline when evaluating the effect of any operative procedure specifically designed to increase intercoronary collateral flow.
In a third series of animals in which the coronary sinus had been arterialized for one to two months, these findings were significantly changed. With the aortico-coronary sinus vein graft open, the retrograde circumflex arterial blood flow averaged 12.2 cc. per minute, a significant increase over that of the expected normal. Moreover, this back-blood differed from that of the control animal in that it was markedly de-oxygenated, the oxygen content being within the range of normal coronary sinus blood. The desaturation of this blood was demonstrative of a retroperfusion of the myocardial capillary bed, with the ability of the myocardium to extract oxygen from this blood. When the vein graft was occluded, the retrograde circumflex coronary arterial blood flow fell to 7.1 cc. per minute, and the oxygen content reverted to normal. The arterial nature of this blood again signified that it had arisen from intercoronary anastomoses, and was suggestive of an increase in the intercoronary arterial anastomotic flow. The mortality rate in this group of animals fell to 20 per cent, which suggested a significant protection to the heart against ventricular fibrillation. This impression has been dispelled by the present series of experiments.
In the animals in which the coronary sinus was arterialized for six months, the findings were significantly changed from those previously described in the one month to two-month group. Now, with the graft functioning, the retrograde flow from the peripheral segment of the circumflex coronary artery averaged 8.3 cc. per minute. This blood was highly oxygenated, the oxygen content approximating that of the simultaneously drawn sample of aortic blood. The arterial nature of this blood indicated that it had originated from neighboring unligated arteries. When the vein graft was occluded, the backflow blood again averaged 8.7 cc. per miiinute, with no change in its arterial nature. Strikingly then, after six nonths of aortico-coronary sinus arterialization, nleither the quantity nor the oxygen content of the retrograde coronary arterial blood flow was affected by the presence or absence of a functioning aortico-coronary sinus vein graft.
The investigation of the changes in the coronary circulation in animals in which coronary sinus arterialization was maintained for truly prolonged periods of time (twelve months), merely served to reconfirm those of the six-month group of animals. Apparently, the arterialized coronary sinus has completely lost contact with the myocardial capillary bed.
These findings served to confirm those recently reported by Eckstein and his associates (5, 6) . These workers were unable to demonstrate retroperfusion of the myocardium after three months of coronary sinus arterialization. It was suggested that blood flowing in retrograde fashion from the peripheral segment of the transected circumflex coronary artery probably originated in the anterior descending artery.
It might be well to review the comparative mortality statistics compiled during this series of physiologic experiments. Ligation of the circumflex branch of the left coronary artery in a group of normal animals resulted in a mortality rate of 90 per cent. This rate fell to 66 per cent in the group in which previous nondescript cardiac procedures had been performed. When the coronary sinus was arterialized for short periods of time, the mortality rate fell to 20 per cent. It was this impressive finding which stimulated the present investigation. These long-term experiments quickly dispelled our previous impressions. In both the six and twelve-month groups of animals there has been no protection afforded to the heart against ventricular fibrillation by the aortico-coronary sinus vein graft. The mortality rate in each group had risen to 66 per cent, which was identical to that found in the group of animals in which only nondescript cardiac procedures had been performed. This experiment has demonstrated that the initial favorable effects produced by arterialization of the coronary sinus regress over a prolonged period of time.
The inability to demonstrate any retrograde
